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Claims 

1. A method for producing a piezoelectric actuator (8) 
with a multilayer structure of layers of a piezoelectric sheet 
(3, 4), and with inner electrodes disposed between them, 
characterized in that 

- the individual layers are formed of two continuous 
strands (3, 4) of the piezoelectric sheet, and the two strands 
(3, 4) are wound over one another in the form of a double helix 
to form a hollow-cylindrical stack, thereby enclosing the inner 
electrode between them. 

2. The method of claim 1, characterized in that 

- the two strands (3, 5) are guided over deflection rollers 
(5, 6; 7) in such a way that the overlays of the two strands (3, 
4) on the already-wound stack are offset from one another by a 
predetermined angular amount . 

3. The method of claim 2, characterized in that 

- the predetermined angular amount is approximately 150°. 

4. The method of [one of the foregoing claims] claim 1, 
characterized in that 

- the two strands (3, 4), while being guided over the 
deflection rollers (5, 6), are provided with an electrode paste 
(12) by means of at least one further roller (13, 14). 



5. The method of [one of the foregoing claims] claim 1 , 
characterized in that 

- the two strands (3, 4), in the region of the overlay on 

5 the already-wound stack, are each pressed against the stack with 
a respective contact-pressure roller (9, 10) . 

6. The method of [one of the foregoing claims] claim 1 , 
characterized in that 

10 

- the strands (3, 4) have a trapezoidal cross section. 

7. The method of [one of the foregoing claims] claim X, 
characterized in that 

15 

- the two strands (3, 4) are each extruded from a 
piezoelectric compound by means of an extruder nozzle (2) , then 
wound around an empty tube (11) , and after reaching a 
predetermined length are cut off, and that 

20 

- in a thermal process, the stack is unbound, and the empty 
tube (11) is removed by destruction or similar methods. 

8 . An apparatus for employing the method of [one of the 
25 foregoing claims] claim 1 , characterized in that 

- an extruder nozzle (2) for forming the strands (3, 4), 
three deflection rollers (5, 6, 7) for guiding the strands (3, 

4) , two contact -pressure rollers (9, 10) for applying the strands 
30 (3, 4) to the stack, and 



- at least one pressure roller (13, 14) for applying an 
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electrode paste (12) , and an empty tube (11) for centering the 
hollow-cylindrical stack are present. 



Claims 

1. A method for producing a piezoelectric actuator (8) 
5 with a multilayer structure of layers of a piezoelectric sheet 
(3, 4), and with inner electrodes disposed between them, 
characterized in that 

- the individual layers are formed of two continuous 

10 strands (3, 4) of the piezoelectric sheet, and the two strands 
(3, 4) are wound over one another in the form of a double helix 
to form a hollow-cylindrical stack, thereby enclosing the inner 
electrode between them. 

15 2. The method of claim 1, characterized in that 

- the two strands (3, 5) are guided over deflection rollers 
(5, 6, 7) in such a way that the overlays of the two strands (3, 
4) on the already-wound stack are offset from one another by a 

20 predetermined angular amount . 

3. The method of claim 2, characterized in that 

- the predetermined angular amount is approximately 150"*. 

4. The method of claim 1, characterized in that 



25 



- the two strands (3, 4), while being guided over the 
deflection rollers (5, 6), are provided with an electrode paste 
30 (12) by means of at least one further roller (13, 14). 



5. The method of claim 1, characterized in that 



- the two strands (3, 4), in the region of the overlay on 
the already- wound stack, are each pressed against the stack with 
a respective contact -pressure roller (9, 10) . 

5 6. The method of claim 1, characterized in that 

- the strands (3, 4) have a trapezoidal cross section. 

7. The method of claim 1, characterized in that 

10 

- the two strands (3, 4) are each extruded from a 
piezoelectric compound by means of an extruder nozzle (2) , then 
wound around an empty tube (11) / and after reaching a 
predetermined length are cut off, and that 

15 

- in a thermal process, the stack is unbound, and the empty 
tube (11) is removed by destruction or similar methods . 

8. An apparatus for employing the method of claim 1, 
20 characterized in that 

- an extruder nozzle (2) for forming the strands (3, 4), 
three deflection rollers (5, 6, 7) for guiding the strands (3, 

4) , two contact -pressure rollers (9, 10) for applying the strands 
25 (3, 4) to the stack, and 

- at least one pressure roller (13, 14) for applying an 
electrode paste (12) , and an empty tube (11) for centering the 
hollow-cylindrical stack are present. 
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MSTHOD FOR__P gpDUCING PIEZQET.RrTRT£^TUATQ RS WITH A 
MULTILAYER STRUCTURE OF PTR7:ORT, ECTRIC LAYERS 



Prior Art 

5 

The invention relates to a method for producing 
piezoelectric actuators with a multilayer structure of 
piezoelectric layers, for instance for a piezoelectric 
actuator for actuating a mechanical component such as a valve 
10 or the like, as generically defined by the characteristics of 
the preamble to the main claim, and to an apparatus for 
performing the method. 

It is well known to produce piezoelectric actuators 
15 with piezoelectric elements to utilize the so-called 

piezoelectric effect, these piezoelectric actuators being 
constructed of a material with a suitable crystalline 
structure. The construction of this piezoelectric actuator 
is done here in a plurality of layers (multilayer 

2 0 piezoelectric actuators) , and the electrodes by way of which 

the electrical voltage is applied are each disposed between 
the layers. These piezoelectric multilayer actuators are 
produced conventionally by sheet casting, printing of the 
electrodes, and lamination. The printing, intermediate 
25 drying and lamination are so-called batch processes in this 
case. The piezoelectric actuators have several hundred 
laminate layers, and the contacting is done by means of two 
electrodes mounted on the sides. The inner electrodes must 
end in alternation in the interior of the ak, because 

3 0 otherwise there would be a short circuit to the respective 

opposite pole. On these ends, mechanical stresses occur in 
operation, which can cause harmful cracks to develop, and the 
growth of these cracks during operation in the final analysis 
limits the service life of the piezoelectric actuator. 
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When an external electrical voltage is applied to the 
inner electrodes, a mechanical reaction of the piezoelectric 
element ensues, which as a function of the crystalline 
structure and the direction of the electrical voltage 
5 represents a pressure or tension in a predeterminable 

direction. Electrical charging of the piezoceramic stack 
causes these layers to expand or contract. The associated 
reciprocation of the piezoelectric stack can be used to 
switch a valve, for instance for controlling fuel metering in 
10 an internal combustion engine. 

Advantages of the Invention 

A method for producing a piezoelectric actuator with a 
15 multilayer structure of layers of a piezoelectric sheet and 

with inner electrodes disposed between them is advantageously 
further embodied in that the individual layers are formed of 
two continuous strands, for instance with a trapezoidal cross 
section, of the piezoelectric sheet, and the two strands are 
2 0 wound over one another in the form of a double helix to form 
a hollow-cylindrical stack, thereby enclosing the inner 
electrode between them. 

With the invention, a double helix piezoelectric 
25 actuator can be formed in a simple way, in which because of 
the advantageous construction, the risk of failure from 
cracking as described at the outset is greatly reduced. 
Here, two dielectric electrode pairs insulated from one 
another are present in the form of a double helix. The 
30 piezoelectric actuator takes the form of a hollow cylinder, 
and the two inner electrodes have only one end on a face end 
of the piezoelectric actuator where the external contacting 
takes place. By means of the continuous production process, 
the batch processes mentioned above and the disadvantages in 
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the operation of the piezoelectric actuator produced in that 
way are avoided. 

In a preferred embodiment, the two strands are guided 
5 over deflection rollers in such a way that the overlays of 
the two strands on the already-wound stack are offset from 
one another by a predetermined angular amount . Here the 
predetermined angular amount can be approximately 150°. 

10 The inner electrodes can be placed between the coiled 

layers in a simple way, by providing that the two strands, 
while being guided over the deflection rollers, are provided 
with an electrode paste by means of one further roller. In 
addition, the two strands, in the region of the overlay on 

15 the already-wound stack, can each be pressed against the 
stack with a respective contact -pressure roller. 

In an advantageous embodiment of the method of the 
invention, the two strands are each extruded from a 

2 0 piezoelectric compound by means of an extruder nozzle, then 

wound around an empty tube, and after reaching a 
predetermined length are cut off. The stack can then be 
sintered in a thermal process, in the course of which the 
empty tube is also removed. For many applications, such as 
25 piezoelectrically performing a direct fuel injection, a 

piezoelectric actuator with a central bore is provided, which 
automatically occurs as a result of the structural form 
proposed here. 

3 0 An advantageous apparatus for employing the above - 

described method has an extruder nozzle for forming the 
strands, three deflection rollers for guiding the strands, 
two contact -pressure rollers for applying the strands to the 
stack, at least one pressure roller for applying an electrode 
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paste, and an empty tube for centering the hoi low- cylindrical 
stack . 

These and other characteristics of preferred 
5 refinements of the invention can be learned not only from the 
claims but also from the description and the drawings; the 
individual characteristics can each be realized on their own 
or a plurality of them can be made into subcombinations in 
the embodiment of the invention and used in other fields, and 
10 can advantageously represent intrinsically patentable 

embodiments for which patent protection is claimed here. 

Drawing 

15 One exemplary embodiment of an apparatus for employing 

the method of the invention for producing a multilayer 
piezoelectric actuator will be describe in conjunction with 
the drawing . Shown are : 

2 0 Fig. 1, a schematic view of the apparatus for 

performing a double helix construction of piezoelectric 
layers ; 

Fig. 2, a plan view on the arrangement of Fig. 1; 

25 

Fig. 3, a detail view of contact -pressure rollers as 

the strands are coiled onto the stack; and 

Fig. 4, a detail view of printing the electrode paste 
30 onto the strands, for forming the inner electrodes. 

D esc ri p t ion ot the Exemplary E mbodiment 



An apparatus 1 of Fig. 1 includes an extruder 2, with 
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which two parallel strands 3 and 4 of a special piezoelectric 
compound are extruded from appropriate nozzles. Both strands 
3 and 4 have a trapezoidal cross section, in order to 
compensate for the greater deformation on the outside that 
5 occurs during winding. The strands 3 and 4 are guided 
parallel over a first deflection roller 5 and a second 
deflection roller 6. A third deflection roller 7 guides one 
of the strands 4, deflected in the opposite direction and 
back by about 3 0**, in such a way that the two strands 3 and 4 
10 are then wound, offset by about 150°, onto the already- 
finished windings of the stack of the piezoelectric actuator 
8 . 

Fig. 2 shows the apparatus 1 of Fig. 1 again in a plan 
15 view. Fig. 3 shows the forming of the stack of the 

piezoelectric actuator 8 in detail; here in particular one 
contact-pressure roller 9 for the strand 3 and another 
contact-pressure roller 10 can be seen clearly. The contact- 
pressure rollers 9 and 10 press the respective strands 3 and 
2 0 4 against the lower winding and thus assure a good connection 
of the layers of the stack of the piezoelectric actuator 8 . 
An empty tube 11 of plastic, which can be delivered from 
above, here assures good centering of the stack of the 
piezoelectric actuator 8 . 

25 

Fig. 4 shows one possible way of applying an electrode 
paste 12 to the strands 3 and 4. Applying this paste is done 
here via rollers 13 and 14 onto one side of the strands 3 and 
4, by rolling the paste 12 on during the production of the 
30 winding. During the production, this accordingly creates an 
infinitely long base body of the piezoelectric actuator 8, 
which can be cut to the size needed for the particular 
application. By a thermal treatment of the wound stack of 
the piezoelectric actuator 8, the process aids (binders, 
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etc.) are removed from the compound and the electrode paste 
is also removed, and the empty tube 11 is destroyed. After 
that, the base body of the piezoelectric actuator 8 is 
sintered. 
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Claims 

1. A method for producing a piezoelectric actuator (8) 
5 with a multilayer structure of layers of a piezoelectric 
sheet (3, 4), and with inner electrodes disposed between 
them, characterized in that 

- the individual layers are formed of two continuous 
10 strands (3, 4) of the piezoelectric sheet, and the two 

strands (3, 4) are wound over one another in the form of a 
double helix to form a hoi low- cylindrical stack, thereby 
enclosing the inner electrode between them. 

15 2. The method of claim 1, characterized in that 

- the two strands (3, 5) are guided over deflection 
rollers (5, 6, 7) in such a way that the overlays of the two 
strands (3, 4) on the already-wound stack are offset from one 

2 0 another by a predetermined angular amount. 

3. The method of claim 2, characterized in that 

- the predetermined angular amount is approximately 

25 150*". 

4. The method of one of the foregoing claims, 
characterized in that 

30 - the two strands (3, 4), while being guided over the 

deflection rollers (5, 6) , are provided with an electrode 
paste (12) by means of at least one further roller (13; 14). 

5. The method of one of the foregoing claims, 
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characterized in that 



- the two strands (3, 4), in the region of the overlay 
on the already-wound stack, are each pressed against the 
5 stack with a respective contact -pressure roller {9, 10) . 

6. The method of one of the foregoing claims, 
characterized in that 



10 - the strands (3, 4) have a trapezoidal cross section. 

7. The method of one of the foregoing claims, 
characterized in that 



15 - the two strands (3, 4) are each extruded from a 

piezoelectric compound by means of an extruder nozzle (2) , 
then wound around an empty tube (11) , and after reaching a 
predetermined length are cut off, and that 

20 - in a thermal process, the stack is unbound, and the 

empty tube (11) is removed by destruction or similar methods. 

8 . An apparatus for employing the method of one of the 
foregoing claims, characterized in that 

25 

- an extruder nozzle (2) for forming the strands (3, 
4), three deflection rollers (5, 6, 7) for guiding the 
strands (3, 4), two contact-pressure rollers (9, 10) for 
applying the strands (3, 4) to the stack, and 

30 

- at least one pressure roller (13, 14) for applying an 
electrode paste (12) , and an empty tube (11) for centering 
the hollow-cylindrical stack are present. 
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Abstract 

A method for producing a piezoelectric actuator (8) 
5 - with a multilayer structure of layers of a piezoelectric 
sheet (3, 4), and with inner electrodes disposed between 
them, is proposed, in which the individual layers are formed 
of two continuous strands (3, 4) of the piezoelectric sheet, 
and the two strands (3, 4) are wound over one another in the 

10 form of a double helix to form a hollow-cylindrical stack, 

thereby enclosing the inner electrode between them. The two 
strands (3, 5) are preferably guided over deflection rollers 
(5, 6, 7) in such a way that the overlays of the two strands 
(3, 4) on the already- wound stack are offset from one another 

15 by a predetermined angular amount. 

(Fig. 1) 
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As a below-named inventor, I hereby declare that: 
Ulrich EISELE 
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